Introduction
COPD is one of the most prevalent chronic diseases worldwide and the fourth leading cause of mortality. 1, 2 Increased burden of COPD is expected due to aging of the population and continued exposure to COPD risk factors. 1, 3 To address the burden on both patients and society, self-management has become increasingly important. [4] [5] [6] Selfmanagement is defined as "an individual's ability to detect and manage symptoms, treatment, physical and psychosocial consequences, and lifestyle changes inherent in living with a chronic condition". 7 Self-management can support COPD patients to manage their symptoms, prevent complications, and make adequate decisions on medication, exercise, breathing techniques, diet, and contacting health care providers. 4, 8, 9 The pivotal objective of self-management interventions is to change health behaviors and to equip patients with skills to actively participate in the management of their disease. 4, 10 Previous research has shown that self-management interventions have positive effects on disease outcomes, healthrelated quality of life, and health care costs. 5, 11, 12 A substantial proportion of COPD patients, however, do not respond or comply with self-management interventions. 5, 10, 13 The large variance in effectiveness between patients presumes that it is unlikely that one intervention fits all patients. 10, 13 Health care professionals play a major role in providing self-management support, but patients' initial self-management capabilities are often not determined by these professionals, frequently resulting in a "one size fit all approach". 10, 14 To identify COPD patients who are more engaged in self-management and patients who encounter difficulties in performing adequate self-management, more insight into patient and disease characteristics associated with self-management behavior is needed. 8, 10 The process toward adequate self-management requires an increase in knowledge, skills, and confidence for self-management, which is defined as the level of activation for self-management. 14 Higher levels of activation reflect better capacity to self-manage one's disease. 14, 15 In a recent study, we investigated factors associated with activation for self-management in a large population of patients with various chronic diseases (eg, diabetes mellitus type II, chronic heart failure, chronic renal disease, and COPD). 16 This study identified age, body mass index (BMI), educational level, financial distress, physical health status, depression, illness perception, social support, and underlying disease as important determinants, explaining 16% of variance in activation for self-management. 16 These associations were disease transcending except for social support. More specific, the association between COPD and activation was dependent on social support, while this was not observed for other conditions. 16 In this study, no specific COPD-related factors were taken into account and, therefore, factors explaining variance in activation for self-management in COPD patients specifically remain unclear. Previous studies have shown that COPD-specific characteristics such as dyspnea and disease severity may also be related to self-management behavior. 8, 17, 18 Investigating the association between COPDspecific determinants and activation for self-management, combined with previously investigated determinants, may contribute to a thorough understanding of factors influencing self-management behavior in COPD patients.
To move toward the development of targeted and tailored self-management interventions with improved efficiency and (cost-) effectiveness, knowledge on key patient and disease characteristics of activation for self-management in COPD patients specifically is needed. Therefore, the objective of this study was to identify key determinants of activation for self-management in patients with COPD.
Methods

study design
A descriptive study was performed with a cross-sectional research design. The study was conducted in one secondary and two primary care settings in the Netherlands and was part of a larger study. 16 The study was approved by the Medical Research Ethics Committee of the University Medical Center of Utrecht.
study population and recruitment
Patients diagnosed with mild-to-very severe COPD were selected by the attending physician according to the following inclusion criteria: a clinical diagnosis of COPD meaning a post-bronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) ratio ,70% and age above 40 years. In secondary care, patients should have visited the outpatient clinic in the past 6 months to reduce the risk of including patients who are deceased or are no longer under treatment. Exclusion criteria were a diagnosis of lung cancer, cognitive impairments, language or communication problems, and a life expectancy of less than 3 months.
The sample size was calculated to allow sufficient power for a multiple linear regression analysis using 20 variables. According to the ratio of number of predictor variables to number of participants (1:10), a sample size of at least 200 participants was required. 19 Patients were selected by chart review according to the inclusion and exclusion criteria. Patients received an invitation letter from their attending physician to participate in this study. Attached with the invitation letter, patients also received a letter with study information, an informed consent form, a questionnaire, and a pre-addressed return envelope. To enhance recruitment rates, patients were sent a reminder after 3 weeks if the IC form was not returned. By signing the IC form, patients gave consent to consult their medical chart to obtain additional information.
Data collection
Data were collected by means of administering a questionnaire and medical chart review. The questionnaire was a composition of Dutch-validated questionnaires and a set of questions to determine sociodemographic characteristics. The primary outcome activation for self-management was measured by the Patient Activation Measure (PAM-13), a 13-item instrument that assesses self-reported knowledge, skills, and confidence for self-management. 14, 20, 21 A positive change in activation has shown to be associated with positive changes in various self-management behaviors. 15 Items are scored on a five-point scale. The sum of these scores is converted in a 0-100 point scale. 20, 22 Based on cut-off points for the four levels of activation -level 1 (#47.0 points), level 2 (47.1-55.1 points), level 3 (55.2-67 points), and level 4 ($67.1 points) -the individual patients' level of activation can be determined. 20, 22 A higher level refers to higher activations scores. 14 Patients in level 1 are often passive and lack confidence for self-management resulting in low self-management engagement. Patients in level 2 become aware that they should be involved in their care, although there remain gaps in knowledge and skills. Patients in level 3 gain confidence for self-management and start to take action. The fourth, and highest, level of activation includes patients who have adopted new behaviors and are challenged to maintain these behaviors over time. Therefore, patients with higher levels of activation are considered to be better self-managers. 14, 15, 23 The PAM-13 is translated in Dutch and validated in COPD patients showing good internal consistency (α=0.88). Item-rest correlations were moderate-to-strong and test-retest reliability was moderate. 21 Determinants of activation for self-management were measured using the following instruments. Health status was measured by the Short Form-12 Health Survey (SF-12), a short version of the Short Form-36 (SF-36). 24, 25 The 12-item SF-12 measures both physical and mental health. 26 Item scores result in two summary scores on a 0-100 point scale. Higher scores refer to a better health status. Presence of anxiety or depression was measured by the Dutch-validated Hospital Anxiety and Depression Scale (HADS). 27, 28 The HADS includes two seven-item subscales (anxiety and depression) both with a score range of 0-21. 28 Higher scores refer to a higher state of anxiety or depression, with cut-off point $11 indicating a depression or anxiety disorder. The Brief Illness Perception Questionnaire (B-IPQ) was used to measure illness perception. 29 The B-IPQ consists of eight items, each scored on a scale from 1 to 10, resulting in an overall score (range: 0-80). Higher scores indicate a more negative illness perception. Assessment of reproducibility was performed with Dutch COPD patients and showed moderate to good reliability. 29 The 12-item Multidimensional Scale of Perceived Social Support was used to assess social support. 30, 31 Items were scored on a seven-point scale. Higher scores indicate higher perceived support. 30, 31 Validity and reliability were confirmed by Dutch cardiac patients and their partners. 32 Sociodemographic characteristics included age, sex, BMI, ethnicity, socioeconomic status, living situation, and smoking habits. Socioeconomic status was operationalized in three separate variables: educational level, financial distress, and care allowance as a proxy for income. Operationalization of these determinants is detailed in Table 1 .
Disease characteristics included COPD severity, COPD duration, current exacerbation, and comorbidities. Severity of COPD was obtained from the medical chart and classified into four stages of Global Initiative for Chronic Obstructive Lung Disease (GOLD), which were determined using FEV 1 /FVC and FEV 1 % predicted data. 1 In case of missing lung function data, GOLD stage as reported by the physician was used. To complement FEV 1 % predicted in the classification of COPD severity, dyspnea was measured by the five-point Medical Research Council (MRC) scale. A higher score indicates a higher degree of perceived breathlessness. 33 COPD duration was determined by number of years since diagnosis. Current exacerbation at the time of the measurement was examined by asking whether patients currently used a course of antibiotics and/or prednisolone. Furthermore, comorbidities obtained from chart review were assessed by the Charlson comorbidity index (CCI). 34, 35 The CCI is based on ICD-10 (International Classification of Diseases -tenth revision) codes and defines 19 comorbidities. A weighted score, based on the relative risk of mortality at 1 year, was assigned to each comorbidity with a total range of 0-37. 35 
statistical analysis
Statistical analysis was performed using SPSS 21.0 (IBM Corporation, Armonk, NY, USA). 36 Descriptive statistics were used to describe baseline characteristics. Means and standard deviations were used to describe continuous variables, whereas frequencies and percentages were used for categorical variables.
Patients were excluded when all 13 questions of the PAM-13 were answered identically or showed more than seven missing. 21, 22 Analysis of missing values of all determinants was performed and showed 2% missing variables, distributed among 31% of the cases. Multiple imputation was used to deal with missing data, since this may reduce bias when data are missing at random. 37 Data analysis was performed in ten imputed data sets.
Univariate linear regression analysis was used to analyze the association between single determinants and activation for self-management, rather as a method for selecting A stepwise backward multiple linear regression analysis was performed in order to identify explanatory variables of activation for self-management. Variables were excluded in order of the highest P-value. A significance level of 20% was used to keep a variable in the model. This method was applied to each of the ten imputation data sets separately and resulted in ten sets of selected variables. The majority method was used to keep variables in the final model, which consisted of variables that were selected in 50% or more of the ten data sets. 38 To calculate pooled R² statistics, Fisher's r to z transformation was used. 39 Assumptions of linearity, multicollinearity (R.0.8), and homoscedasticity were checked and approved. Some continuous variables did not completely meet the assumption for normal distribution. Therefore, generalized linear models were used with robust standard errors in the linear regression analysis.
Results
In total, 607 eligible COPD patients were invited for this study, of which 315 patients (52%) agreed to participate. A total of 42 patients were excluded during the process of recruitment and data collection. Finally, 290 participants were found to be eligible for analysis ( Figure 1 ).
The mean age of participants was 67.2 (SD 10.3) and 63.4% were males. The majority of participants were Dutch (92.4%), married (66.2%), unemployed (81.7%), nonsmokers (68.3%), and had a low-to-medium education level (81.7%). Most participants had moderate COPD as mean FEV 1 % predicted was 63.6 (GOLD stage 2). In addition, 
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activation for self-management in patients with COPD a majority of 63.1% of the participants had a MRC score below three. Nearly half of the population was diagnosed with COPD for more than 5 years (46.6%). Other patients' characteristics are detailed in Table 1 .
activation for self-management
The mean activation score (PAM-13) was 54.7 (SD 10.4). Figure 2 shows the prevalence of different levels of activation for self-management among the study population and details that participants were almost equally distributed in PAM-13 levels 2 and 3 (29.7 vs 33.1, respectively). Poor activation for self-management (level 1) was observed among 22.8% of the participants. A minority of 14.5% of the participants was activated for self-management and scored on level 4 ( Figure 2 ).
Determinants associated with activation for self-management
Univariate associations between determinants and activation for self-management are presented in Table 2 . Physical health status, mental health status, anxiety, depression, illness perception, BMI, education level, dyspnea, and GOLD 
1762
Korpershoek et al stage were significantly associated with activation for selfmanagement (P,0.05).
Multiple linear regression analysis revealed six explanatory determinants of activation for self-management: anxiety, illness perception, BMI, age, GOLD stage, and comorbidities ( Table 2) .
Increased level of anxiety (β: -0.35; CI: -0.64 to -0.06), a more negative illness perception (-0.17; -0.28 to -0.06), increased BMI (-0.42; -0.65 to -0.19), increased age (-0.14; -0.26 to -0.01), increased GOLD stage (2 vs 1: -3.15; -5.77 to -0.54, 3 vs 1: -3.37; -7.07 to 0.32), and less comorbidities (0.79; -0.19 to 1.77) were associated with a decrease in activation for self-management (P,0.2). For GOLD stage, a statistical significant association was observed specifically in GOLD stage 2 vs 1 (P,0.5). The explained variance (R²) of the multivariable model was 0.17. High correlations were observed between mental and physical health (R=0.76) and anxiety and depression (R=0.73).
Discussion
This study has provided insight into the prevalence of different levels of activation for self-management and identified patient and disease characteristics associated with activation for self-management in COPD patients. Only a minority of COPD patients was activated for selfmanagement. The main finding was that increased anxiety, 
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activation for self-management in patients with COPD a more negative illness perception, higher BMI, higher age, more disease severity, and less comorbidities were associated with a lower activation for self-management. These variables explained 17% of the variance in activation for self-management.
Activation for self-management in the study population, represented by the mean activation score, was lower compared to a previous Dutch study including COPD patients. 21 This might be explained by the fact that this study focused on various chronic disease patients who were younger (58.7 vs 67.2 years). 21 In our study, only a minority of participants was activated for self-management (level 4), which indicates major room for improvement. Slightly more than half of the participants were in levels 2 and 3 and nearly a quarter was considered to be a poor self-manager (level 1). In contrast, another Dutch study that focused on activation for self-management in COPD patients showed that most patients were in levels 3 and 4. 40 Since both other Dutch studies sampled patients from a national panel, this may have positively affected the outcome as these patients might be more activated for self-management.
This study identified anxiety, illness perception, BMI, age, GOLD stage, and comorbidities as explanatory determinants of activation for self-management. This is partly in line with previous studies focusing on self-management in COPD patients. A previous literature review identified anxiety, illness perception, and dyspnea as factors influencing self-management. 8 In addition, associations with age and disease severity were observed in another study focusing on self-management. 18 On the contrary, socioeconomic status and social support were expected to be related with self-management, 8 although no significant association with activation for self-management was observed in our study. This might be due to the large heterogeneity in selfmanagement outcome parameters used in previous studies and our specific focus on activation for self-management. Remarkably, comorbidities and BMI were identified as key determinants in our study, while this has not been reported in previous studies to our knowledge. A previous study using the PAM-13 in COPD patients identified no associations with age and presence of comorbidities, although a small association with dyspnea was found. 40 In our study, age and comorbidities were identified as key determinants of activation for self-management which may be explained by the fact that we included multiple determinants in our model, investigating the relative influence of each individual determinant, and the fact that patients in our study had relatively more comorbidities.
The identified determinants were partly in line with findings from our larger study focusing on determinants for selfmanagement in various chronic diseases. 16 In line with that study, the age, BMI and illness perception were identified as key determinants. On the contrary, education level, financial distress, physical health status, depression, and social support were not identified as key determinants in this current study. In this study, anxiety was identified as a key determinant. It is important to note that anxiety was highly correlated with depression and mental health status. This may indicate that emotional distress in general is an important determinant of self-management behavior. Furthermore, contrasting was that disease severity emerged as a key determinant in this study, though not in the larger study. This might be explained by the fact that disease severity was standardized for various chronic diseases in the larger study, leading to broader categories of severity. Finally, comorbidity was a key determinant in this study, indicating that COPD patients with several comorbidities seem more activated for self-management. This might be due to the fact that these patients already have more experience with health care and know how to cope with their disease. The results of this study indicate that anxiety, disease severity, and comorbidity were more important in identifying the level of activation in COPD patients than they were in the mixed group of patients with various chronic conditions.
The explained variance was 17%, which is lower compared to previous studies on explanatory variables of self-management in COPD patients (varying from 31% to 34%). 18, 41 The identified key determinants could only explain the variance of activation for self-management to a limited extent. The remaining variance may be explained by other types of factors influencing activation for self-management, for example, self-efficacy or received self-management support from health care professionals. Self-efficacy was not included in this study since the PAM-13 already includes items focusing on self-efficacy. However, in social cognitive theory, selfefficacy is considered to be an important intermediate in the causal chain toward adoption of self-management skills and behavioral change. 42, 43 An important strength of this study was that a wide range of determinants was analyzed simultaneously in a relatively large study population. Inclusion from both primary and secondary care had a positive impact on the generalizability of the results since this maximizes variation in COPD severity. Finally, the response rate of more than 50% was higher than the expected rate of 40%, which strengthens the external validity of this study. A limitation of this study was that patients were recruited by physicians in different settings, which may have resulted in International Journal of COPD 2016:11 submit your manuscript | www.dovepress.com
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Korpershoek et al selection bias. In primary care, a few patients were considered eligible by their physician based on GOLD stage, while lung function data were missing. Those participants were included in the analysis when GOLD stage was explicitly listed in the chart and patients received active treatment for their COPD. Furthermore, in this study less non-native patients were included than expected based on the data of the Dutch population, 44 which might have been due to language barriers.
The acquired knowledge on explanatory determinants of activation for self-management is important for all health care professionals supporting COPD patients in self-management, as it allows them to make a risk assessment of inadequate engagement in self-management based on an individual patient profile. Based on the study results, specific attention should be paid to relatively older patients, with a relatively high weight, a more negative illness perception, more severe COPD, less comorbidities, and emotional disturbances. This stresses the need for adequate assessment on patient-related factors that can be influenced such as illness perception, anxiety, and BMI, as improving these factors may lead to increased quality of life or health status. 45, 46 For example, health care professionals should pay more attention to identifying negative illness perceptions by asking patients how they experience their COPD and how COPD symptoms influence their daily lives, 46 so that they can anticipate on these perceptions in future consultations.
For patients at risk for inadequate engagement in selfmanagement, intensifying self-management support seems important to increase the likelihood of engagement in selfmanagement. First, adequate assessment by health care professionals on patient knowledge, skills, and confidence is needed to identify problem areas allowing them to anticipate on these individual problem areas with tailored strategies. Intensifying self-management support may then consist of spending more time on education or to provide additional materials to increase patients' knowledge, to amplify action planning and decision support to increase patients skills, or to add reinforcement consultations to increase patients confidence for self-management.
The knowledge on determinants of activation for selfmanagement may help health care professionals to make a first step in targeting and tailoring their interventions. Assessment on engagement in self-management based on patient profiles, and identifying behavioral needs, may contribute to individualizing self-management interventions. Dose, content, and modus of self-management interventions should then be tailored to individual patient needs and capabilities.
More research is needed to investigate barriers and facilitators of activation for self-management in COPD patients including a focus not only on other patient-related factors, such as self-efficacy, but also on provider and health care system characteristics. These studies should focus on identifying causal relationships between determinants and activation for self-management. Longitudinal studies are required to determine key determinants of change in activation for self-management. This knowledge is essential to eliminate barriers of activation for self-management and will contribute to targeting and tailoring of self-management interventions.
Conclusion
This study showed that only a minority of COPD patients is activated for self-management, which implies that there is great potential for improvement in self-management and subsequently in health outcomes. This study found that increased anxiety, a more negative illness perception, increased BMI, increased age, increased disease severity, and less comorbidities were associated with a decrease in activation for selfmanagement in COPD patients. This knowledge contributes to identification of patients at risk of inadequate engagement in self-management activities, which is an essential first step toward targeting and tailoring individualized self-management interventions in the future. To be able to thoroughly understand the complex causal mechanisms toward change in self-management behavior, future research is needed.
